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DESCRIPTION 

METHOD OF CONTROLLING ALTERNATING CURRENT MOTOR J 
AND CONTROL DEVICE THEREFOR 



Technical Field 
[0001] 

The present invention relates to a method of 
controlling an alternating current motor and a control 
device therefore capable of continuously driving the 
alternating current motor at the time of an instantaneous 
power failure. 

Background Art 
[0002] 

As an example of a conventional method of 
continuously driving an alternating current motor by using 
an inverter at the time of an instantaneous power failure, 
Japanese Patent No. 32014 60 (Patent Document 1) discloses 
the following method: an inverter starts decelerating an 
alternating motor in response to a power failure detecting 
signal; a first reduction rate is calculated on the basis 
of a target value and a detection value of a direct 
current intermediate voltage such that the direct current 
intermediate voltage is made constant during the 
deceleration; a second reduction rate is calculated on the 



basis of a variation in the direct current intermediate 
voltage; a value obtained by multiplying the two reduction 
rates together is controlled in a PI control manner to 
control a deceleration time; and when the direct current 
5 intermediate voltage is equal to a voltage before the 
power failure is detected or the direct current 
intermediate voltage rises during the deceleration, the 
deceleration stops and the alternating current motor is 
returned to a normal control mode. 

10 Further, as an example of a method of processing a 

motor at the time of a power failure, JP-A- 1 1-208894 
(Patent Document 2) discloses the following method: a 
lower limit voltage V yi of a direct current intermediate 
voltage required for a normal driving mode, a lower 

15 allowable voltage Vuo of the direct current intermediate 
voltage when a lowest voltage of a power supply is input, 
and a power failure detecting level voltage V u2 which is 
lower than the lower allowable voltage V u0 and is higher 
than the lower limit voltage Vui are set; when a detection 

20 value V PN of the direct current intermediate voltage output 
from a direct current intermediate voltage detecting 
circuit is lower than the power failure detecting level 
voltage V u2 during the driving of the alternating current 
motor, an alternating current motor is decelerated at a 

25 reduction rate Od until- the direct current intermediate 



voltage is higher than the lower allowable voltage V u0 ; and 
when the direct current intermediate voltage is higher 
than the lower allowable voltage Vuo/ the alternating 
current motor is returned to a normal control mode. 
5 Patent Document 1: Japanese Patent No. 3201460 

Patent Document 2: JP-A-1 1-308894 

Problems to be Solved by the Invention 
[0003] 

10 In the method of continuously driving the alternating 

current motor by using the inverter at the time of a power 
failure disclosed in the above-mentioned Patent Document 1, 
the first reduction rate is calculated on the basis of the 
target value and the detection value of the direct current 

15 intermediate voltage, and the second reduction rate is 
calculated on the basis of the variation in the direct 
current intermediate voltage. Then, the value obtained by 
multiplying the two reduction rates together is controlled 
in the PI control manner to control the deceleration time. 

20 When the direct current intermediate voltage is equal to 
the voltage before the power failure is detected or the 
direct current intermediate voltage rises during the 
deceleration, the deceleration stops, and the alternating 
current motor is returned to the normal control mode. 

25 However, in this method, when the alternating current 



motor is returned to the normal control mode, a large 
difference occurs between an output frequency before the 
power failure and an output frequency during the 
deceleration due to the power failure, causing the 
5 alternating current motor to be rapidly accelerated so as 
to coincide with an output frequency instruction or a 
large torque instruction to be outputted, which makes it 
difficult to stably and continuously drive the alternating 
current motor. 

10 Meanwhile, in the method of processing the motor at 

the time of a power failure disclosed in Patent Document 2, 
when the detection value V PN of the direct current 
intermediate voltage is lower than the power failure 
detecting level voltage V u2 , the alternating current motor 

15 is decelerated at the reduction rate otd until the direct 
current intermediate voltage is higher than the lower 
allowable voltage V uo . In addition, when the direct 
current intermediate voltage is higher than the lower 
allowable voltage V uo , the alternating current motor is 

20 returned to the normal control mode. When the alternating 
current motor is returned to the normal control mode, a 
large difference occurs between an output frequency before 
the power failure and an output frequency during the 
deceleration due to the power failure, causing the 

25 alternating current motor to be rapidly accelerated so as 



5 

to coincide with an output frequency instruction or a 
large torque instruction to be outputted, which makes it 
difficult to stably and continuously drive the alternating 
current motor. 

5 Accordingly, the invention is made in view of the 

above-mentioned problems, and it is an object of the 
invention to a method of controlling an alternating 
current motor and a control device therefor capable of 
stably and continuously driving the alternating current 

10 motor at the time of an instantaneous power failure, by 
storing an output frequency when the instantaneous power 
failure occurs and by accelerating the alternating current 
motor for an acceleration time separately set at a direct 
current intermediate voltage where the alternating current 

15 motor can return to a normal control mode until the output 
frequency of the alternating current motor is equal to an 
output frequency before the instantaneous power failure, 
or by restricting a torque instruction with an 
electromotive torque limit value until the output 

20 frequency of the alternating current motor is equal to the 
output frequency before the instantaneous power failure. 

Means for Solving the Problems 
[0004] 

25 In order to achieve the above-mentioned object, 



according to an aspect of the invention disclosed in Claim 
1, there is provided a method of controlling an 
alternating current motor and a power converter including 
a converter unit for converting an alternating current 
5 voltage supplied from an alternating current power supply 
into a direct current voltage, a smoothing capacitor for 
smoothing the converted direct current voltage, and an 
inverter unit for converting a direct current intermediate 
voltage into an alternating current voltage having a 

10 frequency corresponding to a torque instruction by a PWM 
control manner, by setting an electromotive torque limit 
value and a regenerative torque limit value in advance and 
by restricting the torque instruction with the torque 
limit values to generate a PWM switching pattern to be 

15 output to the inverter unit. The method includes the 
steps of: allowing a power failure detecting unit provided 
in the power converter to detect a power failure of the 
alternating current power source; outputting a 
deceleration start instruction to the inverter unit in 

20 response to a power failure detecting signal output from 
the power failure detecting unit; calculating a first 
reduction rate, on the basis of a detection value and a 
target value of the direct current intermediate voltage, 
such that the direct current intermediate voltage is made 

25 constant during the deceleration of the alternating 



current motor; calculating a second reduction rate on the 
basis of a variation in the direct current intermediate 
voltage; controlling a deceleration time by controlling a 
value obtained by multiplying the two reduction rates 
5 together in a PI control manner; calculating the torque 
instruction to allow the alternating current motor to be 
decelerated for the deceleration time; changing the 
electromotive torque limit value and the regenerative 
torque limit value on the basis of the value of the 

10 detected direct current intermediate voltage; stopping the 
deceleration when the direct current intermediate voltage 
is equal to a voltage before the power failure is detected 
or it rises during the deceleration; and when the 
alternating current motor is returned to a normal control 

15 mode, storing an output frequency before the power failure 
is detected. 
[0005] 

According to the method of controlling an alternating 
current motor described in Claim 2, preferably, when the 

20 direct current intermediate voltage is equal to the 
voltage before the power failure is detected or it rises 
during the deceleration, the deceleration stops. In 
addition, preferably, when the alternating current motor 
is returned to the normal control mode, the alternating 

25 motor is accelerated for an arbitrary acceleration time 



until its output frequency is equal to the output 
frequency stored before the power failure is- detected. 
[0006] 

According to the method of controlling an alternating 
5 current motor described in Claim 3, preferably, when the 
direct current intermediate voltage is equal to the 
voltage before the power failure is detected or it rises 
during the deceleration, the deceleration stops. In 
addition, preferably, when the alternating current motor 

10 is returned to the normal control mode, a torque limit 
unit restricts the torque instruction with an arbitrary 
electromotive torque limit value until the output 
frequency of the alternating current motor is equal to the 
output frequency stored before the power failure is 

15 detected. 
[0007] 

According to' another aspect of the invention 
described in Claim 4, there is provided a control device 
which controls an alternating current motor and a power 

20 converter including a converter unit for converting an 
alternating current voltage supplied from an alternating 
current power supply into a direct current voltage, a 
smoothing capacitor for smoothing the converted direct 
current voltage, and an inverter unit for converting a 

25 direct current intermediate voltage into an alternating 



current voltage having a frequency corresponding to a 
torque instruction by a PWM control manner, by setting an 
electromotive torque limit value and a regenerative torque 
limit value in advance and by restricting the torque 
5 instruction with the torque limit values to generate a PWM 
switching pattern to be output to the inverter unit. The 
control device includes: a power failure detecting unit 
which detects a power failure of the alternating current 
power source; a unit which outputs a deceleration start 

10 instruction to the inverter unit in response to a power 
failure detecting signal output from the power failure 
detecting unit, calculates a first reduction rate, on the 
basis of a detection value and a target value of the 
direct current intermediate voltage, such that the direct 

15 current intermediate voltage is made constant during the 
deceleration of the alternating current motor, and 
calculates a second reduction rate on the basis of a 
variation in the direct current intermediate voltage; a 
unit which controls a deceleration time by controlling a 

20 value obtained by multiplying the two reduction rates 
together in a PI control manner; a unit which calculates 
the torque instruction to allow the alternating current 
motor to be decelerated for the deceleration time and 
changes the electromotive torque limit value and the 

25 regenerative torque limit value on the basis of the value 
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of the detected direct current intermediate voltage; a 
unit which stops deceleration when the direct current 
intermediate voltage is equal to a voltage before the 
power failure is detected or it rises during the 
5 deceleration; and a unit which stores an output frequency 
before the power failure is detected when the alternating 
current motor is returned to a normal control mode. 
[0008] 

According to the control device for an alternating 
10 current motor described in Claim 5, preferably, when the 
direct current intermediate voltage is equal to the 
voltage before the power failure is detected or it rises 
during the deceleration, the deceleration stops. In 
addition, preferably, when the alternating current motor 
15 is returned to the normal control mode, the alternating 
motor is accelerated for an arbitrary acceleration time 
until its output frequency is equal to the output 
frequency stored before the power failure is detected. 
[0009] 

20 According to the control device for an alternating 

current motor described in Claim 6, preferably, when the 
direct current intermediate voltage is equal to the 
voltage before the power failure is detected or it rises 
during the deceleration, the deceleration stops. In 

25 addition, preferably, when the alternating current motor 
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is returned to the normal control mode, the torque limit 
unit restricts the torque instruction with an arbitrary 
electromotive torque limit value until the output 
frequency of the alternating current motor is equal to the 
5 output frequency stored before the power failure is 
detected. 
[0010] 

According to yet another aspect of the invention 
described in Claim 7, there is provided a method of 

10 controlling an alternating current motor and a power 
converter including a converter unit for converting an 
alternating current voltage supplied from an alternating 
current power supply into a direct current voltage, a 
smoothing capacitor for smoothing the converted direct 

15 current voltage, and an inverter unit for converting a 
direct current intermediate voltage into an alternating 
current voltage having a frequency corresponding to a 
torque instruction by a PWM control manner. The method 
includes the steps of: setting an electromotive torque 

20 limit value and a regenerative torque limit value in 
advance; restricting the torque instruction with the 
torque limit values to generate a PWM switching pattern to 
be output to the inverter unit; setting a lower limit 
voltage Vui of the direct current intermediate voltage 

25 required for a normal driving mode, a lower allowable 
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voltage Vuo of the direct current intermediate voltage when 
a lowest voltage of a power supply is input, and a power 
failure detecting level voltage V U2 which is lower than the 
lower allowable voltage V uo and is higher than the lower 
5 limit voltage V u;L ; when a detection value of the direct 
current intermediate voltage output from a direct current 
intermediate voltage detecting circuit is lower than the 
power failure detecting level voltage Vu2 during the 
driving of the alternating current motor, decelerating the 

10 alternating current motor at a reduction rate Od until the 
direct current intermediate voltage is higher than the 
lower allowable voltage Vuo; when the direct current 
intermediate voltage is higher than the lower allowable 
voltage V v0 , returning the alternating current motor to a 

15 normal control mode; and when the direct current 
intermediate voltage is higher than the lower allowable 
voltage Vuo to cause the alternating current motor to be 
returned to the normal control mode, storing an output 
frequency before the power failure is detected. 

20 [0011] 

According to the method of controlling an alternating 
current motor described in Claim 8, preferably, when the 
direct current intermediate voltage is higher than the 
lower allowable voltage V uo to cause the alternating 
25 current motor to be returned to the normal control mode, 
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the alternating current motor is accelerated for an 
arbitrary acceleration time until its output frequency is 
equal to the output frequency stored before the power 
failure is detected. 
5 [0012] 

According to the method of controlling an alternating 
current motor described in Claim 9, preferably, when the 
direct current intermediate voltage is higher than the 
lower allowable voltage V u0 to cause the alternating 

10 current motor to be returned to the normal control mode, a 
torque limit unit restricts the torque instruction with an 
arbitrary electromotive torque limit value until the 
output frequency of the alternating current motor is equal 
to the output frequency stored before the power failure is 

15 detected. 
[0013] 

According to still another aspect of the invention 
described in Claim 10, there is provided a control device 
which controls an alternating current motor and a power 

20 converter including a converter unit for converting an 
alternating current voltage supplied from an alternating 
current power supply into a direct current voltage, a 
smoothing capacitor for smoothing the converted direct 
current voltage, and an inverter unit for converting a 

25 direct current intermediate voltage into an alternating 
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current voltage having a frequency corresponding to a 
torque instruction by a PWM control manner. The control 
device controls the alternating current motor in the' 
following sequence of: setting an electromotive torque 
5 limit value and a regenerative torque limit value in 
advance; restricting the torque instruction with the 
torque limit values to generate a PWM switching pattern to 
be output to the inverter unit; setting a lower limit 
voltage Vu! of the direct current intermediate voltage 

10 required for a normal driving mode, a lower allowable 
voltage Vuo of the direct current intermediate voltage when 
a lowest voltage of a power supply is input, and a power 
failure detecting level voltage V u2 which is lower than the 
lower allowable voltage Vuo and is higher than the lower 

15 limit voltage Vui; when a detection value of the direct 
current intermediate voltage output from a direct current 
intermediate voltage detecting circuit is lower than the 
power failure detecting level voltage V u2 during the 
driving of the alternating current motor, decelerating the 

20 alternating current motor at a reduction rate ot^ until the 
direct current intermediate voltage is higher than the 
lower allowable voltage Vuo; when the direct current 
intermediate voltage is higher than the lower allowable 
voltage V u0 , returning the alternating current motor to a 

25 normal control mode; and when the direct current 



15 



intermediate voltage is higher than the lower allowable 
voltage V u0 to cause the alternating current motor to be 
returned to the normal control mode, storing an output 
frequency before the power failure is detected. 
5 [0014] 

According to the control device for an alternating 
current motor described in Claim 11, preferably, when the 
direct current intermediate voltage is higher than the 
lower allowable voltage V uo to cause the alternating 

10 current motor to be returned to the normal control mode, 
the alternating current motor is accelerated for an 
arbitrary acceleration time until its output frequency is 
equal to the output frequency stored before the power 
failure is detected. 

15 [0015] 

According to the control device for an alternating 
current motor described in Claim 12, preferably, when the 
direct current intermediate voltage is higher than the 
lower allowable voltage V uo to cause the alternating 

20 current motor to be returned to the normal control mode, a 
torque limit unit restricts the torque instruction with an 
arbitrary electromotive torque limit value until the 
output frequency of the alternating current motor is equal 
to the output frequency stored before the power failure is 

25 detected. 
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[0016] 

According to still yet another aspect of the 
invention described in Claim 13, a method of controlling 
an alternating current motor includes the steps of: 
5 providing a power failure detecting unit for detecting a 
power failure of the alternating current motor in a power 
converter; outputting a deceleration start instruction to 
an inverter unit in response to a power failure detecting 
signal output from the power failure detecting unit; 

10 calculating a first reduction rate, on the basis of a 
detection value and a target value of a direct current 
intermediate voltage, such that a direct current 
intermediate voltage is made constant during the 
deceleration of the alternating current motor; calculating 

15 a second reduction rate on the basis of a variation in the 
direct current intermediate voltage; controlling a 
deceleration time by controlling a value obtained by 
multiplying the two reduction rates together in a PI 
control manner; when the direct current intermediate 

20 voltage is equal to a voltage before the power failure is 
detected or it rises during the deceleration, stopping the 
deceleration and returning the alternating current motor 
to a normal control mode; and when the direct current 
intermediate voltage is equal- to the voltage before the 

25 power failure is detected or it rises during the 
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deceleration to cause the deceleration to stop and the 
alternating current motor to be returned to the normal 
control mode, storing an output frequency before the power 
failure is detected. 
5 [0017] 

According to the method of controlling an alternating 
current motor described in Claim 14, preferably, when the 
direct current intermediate voltage is equal to the 
voltage before the power failure is detected or it rises 

10 during the deceleration to cause the deceleration to stop 
and the alternating current motor to be returned to the 
normal control mode, the alternating current motor is 
accelerated for an arbitrary acceleration time until its 
output frequency is equal to the output frequency stored 

15 before the power failure is detected. 
[0018] 

According to yet still another aspect of the 
invention described in Claim 15, there is provided a 
control device which controls an alternating current motor. 

20 The control device includes: a power converter; and a 
power failure detecting unit which detects a power failure 
of the alternating current motor and is provided in the 
power converter. In the control device, a deceleration 
start instruction is output to an inverter unit in 

25 response to a power failure detecting signal output from 
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the power failure detecting unit. A first reduction rate 
is calculated, on the basis of a detection value and a 
target value of a direct current intermediate voltage, 
such that a direct current intermediate voltage is made 
5 constant during the deceleration of the alternating 
current motor. A second reduction rate is calculated on 
the basis of a variation in the direct current 
intermediate voltage. A value obtained by multiplying the 
two reduction rates together is controlled in a PI control 

10 manner to control a deceleration time.' When the direct 
current intermediate voltage is equal to a voltage before 
the power failure is detected or it rises during the 
deceleration, a torque instruction is calculated to allow 
deceleration to stop and the alternating current motor to 

15 be decelerated for the deceleration time, thereby 
returning the alternating current motor to a normal 
control mode. An electromotive torque limit value and a 
regenerative torque limit value are changed on the basis 
of the value of the detected direct current intermediate 

20 voltage. A torque limit unit restricts the torque 
instruction. When the direct current intermediate voltage 
is equal to a voltage before the power failure is detected 
or it rises during the deceleration to cause the 
deceleration to stop and the alternating current motor to 

25 be returned to the normal control mode, an output 
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frequency before the power failure is detected is stored. 
[0019] 

According to the method of controlling an alternating 
current motor described in Claim 16, preferably, when the 
5 direct current intermediate voltage is equal to the 
voltage before the power failure is detected or it rises 
during the deceleration to cause the deceleration to stop 
and the alternating current motor to be returned to the 
normal control mode, the alternating current motor is 
10 accelerated for an arbitrary acceleration time until its 
output frequency is equal to the output frequency stored 
before the power failure is detected. 
[0020] 

According to still yet another aspect of the 
15 invention described in Claim 17, a method of controlling 
an alternating current motor includes the steps of: 
setting a lower limit voltage Vm of a direct current 
intermediate voltage required for a normal driving mode, a 
lower allowable voltage V u0 of the direct current 
20 intermediate voltage when a lowest voltage of a power 
supply is input, and a power failure detecting level 
voltage Vu2 which is lower than the lower allowable voltage 
V u0 and is higher than the lower limit voltage Vui; when a 
detection value of the direct current intermediate voltage 
25 output from a direct current intermediate voltage 
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detecting circuit is lower than the power failure 
detecting level voltage V U2 during the driving of the 
alternating current motor, decelerating the alternating 
current motor at a reduction rate otd until the direct 
5 current intermediate voltage is higher than the lower 
allowable voitage V uo ; when the direct current intermediate 
voltage is higher than the lower allowable voltage Vuo, 
returning the alternating current motor to a normal 
control mode; and when the direct current intermediate 
10 voltage is higher than the lower allowable voltage V u0 to 
cause the alternating current motor to be returned to the 
normal control mode, storing an output frequency before 
the power failure is detected. 
[0021] 

15 According to the method of controlling an alternating 

current motor described in Claim 18, preferably, when the 
direct current intermediate voltage is higher than the 
lower allowable voltage V u0 to cause the alternating 
current motor to be returned to the normal control mode, 

20 the alternating current motor is accelerated for an 
arbitrary acceleration time until its output frequency is 
equal to the output frequency stored before the power 
failure is detected. 
[0022] 

25 According to yet still another aspect of the 
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invention described in Claim 19, a control device for an 
alternating current motor includes a sequence unit which 
performs the functions of: setting a lower limit voltage 
Vui of a direct current intermediate voltage required for a 
5 normal driving mode, a lower allowable voltage Vuo of the 
direct current intermediate voltage when a lowest voltage 
of a power supply is input, and a power failure detecting 
level voltage V u2 which is lower than the lower allowable 
voltage Vuo and is higher than the lower limit voltage V u;L ; 

10 when a detection value of the direct current intermediate 
voltage output from a direct current intermediate voltage 
detecting circuit is lower than the power failure 
detecting level voltage Vu2 during the driving of the 
alternating current motor, decelerating the alternating 

15 current motor at a reduction rate otd until the direct 
current intermediate voltage is higher than the lower 
allowable voltage Vuo; and when the direct current 
intermediate voltage is higher than the lower allowable 
voltage Vuo, returning the' alternating current motor to a 

20 normal control mode. In the control device, when the 
direct current intermediate voltage is higher than the 
lower allowable voltage V u0 to cause the alternating 
current motor to be returned to the normal control mode, 
an output frequency before the power failure is detected 

25 is stored. 
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(0023) 

According to the control device for an alternating 
current motor described in Claim 20, preferably, when the 
direct current intermediate voltage is higher than the 
5 lower allowable voltage Vuo to cause the alternating 
current motor to be returned to the normal control mode, 
the alternating current motor is accelerated for an 
arbitrary acceleration time until its output frequency is 
equal to the output frequency stored before the power 
10 failure is detected. 

Effects of the Invention 
[0024] 

According to a method of controlling an alternating 
15 current motor and a control method therefor of the 
invention, it is possible to make a direct current 
intermediate voltage constant and thus to stably and 
continuously drive the alternating current motor even at 
the time of an instantaneous power failure, without using 
20 a regenerative resistor or an apparatus for feeding back 
regenerative energy to a power supply, by setting an 
electromotive torque limit value and a regenerative torque 
limit value to restrict a torque instruction. 

25 Brief Description of the Drawings 
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[0025] 

[Fig. 1] 

Fig. 1 is a block diagram illustrating the structure 
of a control device for an alternating current motor 
5 according to a first embodiment of the invention. 
[Fig. 2] 

Fig. 2 is a diagram illustrating the relationship 
between a direct current intermediate voltage V PN and 
electromotive and regenerative torque limit values 
10 according to the invention. 
[Fig. 3] 

Fig. 3 is a diagram illustrating the relationship 
between a direct current intermediate voltage V PN and 
electromotive and regenerative^ torque limit ■ values 
15 according to a second embodiment of the invention. 
[Fig. 4] 

Fig. 4 is a block diagram illustrating the structure 
of a control device for an alternating current motor 
according to a third embodiment of the invention. 
20 [Fig. 5] 

Fig. 5 is a block diagram illustrating a sequence 
circuit for selecting a frequency instruction and an 
acceleration/deceleration time during the detection of a 
power failure according to the third embodiment. 
25 [Fig. 6] 
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Fig. 6 is a block diagram illustrating the structure 
of a control device for an alternating current motor 
according to a fourth embodiment of the invention. 

(Fig. 7] 

5 Fig. 7 is a diagram illustrating the relationship 

between a direct current intermediate voltage V PN and 
electromotive and regenerative torque limit values 
according to the fourth embodiment of the invention. 
[Fig. 8] 

10 Fig. 8 is a block diagram illustrating the structure 

of a control device for an alternating current motor 
according to a sixth embodiment of the invention. 
[Fig. 9] 

Fig. 9 is a block diagram illustrating a sequence 
15 circuit for selecting an electromotive torque limit value, 
a frequency instruction, and an acceleration/deceleration 
time during the detection of a power failure according to 
the sixth embodiment. 

20 Reference Numerals 
[0026] 

1: POWER CONVERTER 

11: CONVERTER UNIT 

12: SMOOTHING CAPACITOR 
25 13: INVERTER UNIT 



2: ALTERNATING CURRENT MOTOR 

3: TORQUE LIMIT CIRCUIT 

4: VOLTAGE INSTRUCTION CALCULATING UNIT 

5: SWITCHING PATTERN GENERATING CIRCUIT 

6: VOLTAGE DETECTING CIRCUIT 

7: TORQUE LIMIT VALUE CALCULATING CIRCUIT 

8: ELECTROMAGNETIC CONTACTOR 

8a: POWER FAILURE DETECTING CONTACT 

9: FREQUENCY SETTING UNIT 

10: ACCELERATION/DECELERATION TIME SETTING UNIT 
14: SEQUENCE CIRCUIT 

15: ACCELERATION/DECELERATION TIME CONTROL CIRCUIT 

16: SOFT STARTER 

17: SPEED CONTROL CIRCUIT 

18: FIRST SWITCHING UNIT 

19: SECOND SWITCHING UNIT 

20: THIRD SWITCHING UNIT 

21: OUTPUT FREQUENCY STORAGE CIRCUIT BEFORE POWER 



FAILURE 



22: 



EDGE TRIGGER DETECTING CIRCUIT 



23, 



24 : 



OR CIRCUIT 



25, 26: 



COMPARATOR 



Best Mode for Carrying Out the Invention 
[0027] 
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Hereinafter, preferred embodiments of the invention 
will be described below with reference to the accompanying 
drawings . 

5 First embodiment 

[0028] 

Fig. 1 is a block diagram illustrating the structure 
of a control device for an alternating current (AC) motor 
according to a first embodiment of the invention. Fig. 2 

10 is a diagram illustrating the relationship between a DC 
intermediate voltage and a torque limit value of a torque 
limit circuit in this embodiment. 

The control device for the AC motor according to this 
embodiment includes: a power converter 1 having a 

15 converter unit 11 for converting a three-phase alternating 
current supplied from a three-phase alternating current 
power supply into a DC voltage by using a power element, a 
smoothing capacitor 12 for smoothing the converted voltage, 
and an inverter unit 13 for converting the DC intermediate 

20 voltage into an AC voltage having a predetermined 
frequency by a PWM control manner; an AC motor 2 which is 
driven by an alternating current output from the inverter 
unit 13; a torque limit circuit 3 for controlling a torque 
instruction so as to be between a predetermined 

25 electromotive torque limit value and a predetermined 
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regenerative torque limit value; a voltage instruction 
calculating unit 4 for calculating a voltage instruction 
allowing a torque to be output according to the torque 
instruction output from the torque limit circuit 3 and for 
5 outputting the voltage instruction; a switching pattern 
generating circuit 5 for determining a switching pattern 
of the power converter 1 on the basis of the output of the 
voltage instruction calculating unit 4; a voltage 
detecting- circuit 6 for detecting a DC intermediate 

10 voltage V PN , which is a voltage of the smoothing capacitor 
12; a torque limit value calculating circuit 7 for 
calculating an electromotive torque limit value T L and a 
regenerative torque limit value T G l, on the basis of the DC 
intermediate voltage V PN output from the voltage detecting 

15 circuit 6 and for setting the calculated values to the 
torque limit circuit 3. 

In general, ■ torque output by the AC motor 2 is 
controlled by a machine connected to the AC motor 2, the 
AC motor 2, or the power converter 1, in response to a 

20 predetermined torque instruction. Therefore, an 

electromotive torque limit value T L0 and a regenerative 
torque limit value T G lo are set in advance. Thus, the AC 
motor 2 is controlled within the torque limit. 

However, when the AC motor 2 is rapidly decelerated 

25 or when an output frequency is raised by a gravity load or 
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a mechanical load, the AC motor 2 generates a regenerative 
torque, and regenerative energy is fed back to the AC 
motor 2, causing the DC intermediate voltage V PN to rise. 
When the DC intermediate voltage V PN is higher than a 
5 predetermined level, the AC motor may be non-controllable, 
or a circuit may be broken. Therefore, it is necessary to 
control the DC intermediate voltage V PN so as not to rise 
beyond the predetermined level. 

Therefore, in general, a resistor is connected in 

10 parallel to the smoothing capacitor 12 to provide a 
regenerative resistor for consuming power, or an apparatus 
for feeding back regenerative energy to a power supply is 
used. However, in the invention, the rise of the DC 
intermediate voltage V PN is controlled without using the 

15 regenerative resistor or the apparatus for feeding back 
the regenerative energy to the power supply. In addition, 
the electromotive torque limit value and the regenerative 
torque limit value are changed according to the level of 
the DC intermediate voltage V PN such that the AC motor is 

20 continuously driven when the DC intermediate voltage V PN is 
lowered due to, for example, an instantaneous power 
failure . 

More specifically, as an example of a method of 
setting the torque limit value, the relationship between 
25 the DC intermediate voltage V PN and the torque limit value 
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is defined as shown in Fig. 2, and the electromotive 
torque limit value and the regenerative torque limit value 
are controlled according to the level of the DC 
intermediate voltage V PN . 
5 When the DC intermediate voltage V PN is higher, than a 

voltage Vuvh/ the electromotive torque limit value is set 
to a predetermined electromotive torque limit value T L0 . 
On the other hand, when the DC intermediate voltage V PN is 
lower than a voltage VWl, the electromotive torque limit 

10 value is set to zero so as not to generate electromotive 
torque. When the DC intermediate voltage V PN is higher 
than the voltage V UVL and lower than the voltage Vuvh/ the 
electromotive torque limit value rises from zero to a 
predetermined torque limit value T L1 in proportion to the 

15 DC intermediate voltage V PN . In general, the range of the 
electromotive torque limit value is gradually narrowed, as 
the DC intermediate voltage V PN becomes lower than the 
voltage Vuvh- Therefore, this setting prevents the DC 
intermediate voltage from being further lowered due to the 

20 lowering of the DC intermediate voltage V PN . Thus, the DC 
intermediate voltage V PN is not sharply lowered, which 
makes it possible to continuously drive the AC motor. 

Meanwhile, when the DC intermediate voltage V PN is 
lower than a voltage V 0 vl/ the regenerative torque limit 

25 value turns to a predetermined regenerative torque limit 
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value Tglo- On the other hand, when the DC intermediate 
voltage V PN is higher than a voltage V 0 vh, the regenerative 
torque limit value is set to zero so as not to generate 
regenerative torque. Between the voltage V OV l and the 
5 voltage V 0 vh/ the regenerative torque limit value is 
lowered from a predetermined torque limit value T G li to 
zero in proportion to the DC intermediate voltage V PN . In 
general, the range of the regenerative torque limit value 
is gradually narrowed, as the DC intermediate voltage V PN 

10 becomes higher than the voltage V 0 vl- Therefore, this 
setting prevents the DC intermediate voltage from being 
further raised due to a rise in the DC intermediate 
voltage V PN . Thus, the DC intermediate voltage V PN does 
not sharply rise, which makes it possible to continuously 

15 drive the AC motor. 

In this way, it is possible to control the DC 
intermediate voltage to be constant at the time of an 
instantaneous power failure and thus to continuously drive 
the AC motor smoothly. 

20 Further, when the DC intermediate voltage V PN is lower 

than the voltage V 0 vl during rapid deceleration, the AC 
motor is decelerated at a reduction rate in the 

response to a rapid deceleration instruction. On the 
other hand, when the DC intermediate voltage V PN is higher 

2 5 than the voltage Vqvl/ the range of the regenerative torque 
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limit value becomes narrower as the DC intermediate 
voltage becomes higher. Therefore, the reduction rate 0Cd 
is gradually lowered to cause the AC motor to be 
decelerated at a regenerative level which can be absorbed 
5 by the power converter. As a result, the AC motor can be 
smoothly decelerated. 

Furthermore, in a structure in which a load side 
raises the speed of the AC motor, until the DC 
intermediate voltage V PN rises up to the voltage V 0 vl^ a 

10 regenerative torque is output so as to ensure speed 
accuracy, that is, speed control is performed. When the 
DC intermediate voltage V PN is higher than the voltage V OV l/ 
the range of the regenerative torque limit value is 
narrowed such that the DC intermediate voltage does not 

15 further rise. Then, the speed of the AC motor is lowered 
corresponding to the reduced value, reducing in the 
deterioration of speed accuracy. However, according to 
this embodiment, it is possible to prevent the DC 
intermediate voltage from being further raised and thus to 

2 0 smoothly and continuously drive the AC motor. When the DC 
intermediate voltage is lowered, the range of the 
regenerative torque limit value is immediately widened, 
and then the regenerative torque occurs, which makes it 
possible to make the speed of the AC motor constant. 

25 In the above-mentioned structure in which the 
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regenerative torque limit value is controlled according to 
the level of the DC intermediate voltage, when the rise of 
the DC intermediate voltage occurs in the power converter 
not including the regenerative resistor or the apparatus 
5 for feeding back the regenerative energy to the power 
supply, the speed accuracy is deteriorated, but an 
excessive rise in voltage does not occur, which makes it 
possible to smoothly and continuously drive the AC motor. 

In this embodiment, Fig. 2 shows the relationship 

10 between the DC intermediate voltage and the electromotive 
and regenerative torque limit values. The electromotive 
torque limit values T Li and T L0 may be equal to each other, 
or the regenerative torque limit values T G li and T GL o may be 
equal to each other. In addition to the relationship in 

15 which the electromotive torque limit value and the 
regenerative torque limit value are proportional to the DC 
intermediate voltage, any relationship may be used as long 
as the following is satisfied: when the DC intermediate 
voltage becomes lower, the electromotive torque limit 

20 value approximates zero, and when the DC intermediate 
voltage becomes higher, the regenerative torque limit 
value approximates zero. Further, the following method is 
also preferable: from the relationship between the inertia 
of a machine or the capacitance of a smoothing capacitor 

25 and torque, the next level of the DC intermediate voltage 
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is estimated to narrow the ranges of the electromotive and 
regenerative torque limit values. 

Second embodiment 
5 [0029] 

A second embodiment of the invention using the 
control device for the AC motor shown in Fig. 2 will be 
described below. In this embodiment, the following method 
of controlling an AC motor is provided. A lower limit 

10 voltage Vui of the DC intermediate voltage V PN required to 
drive the AC motor 2, a lower limit allowable voltage V uo 
of the DC intermediate voltage V PN equal to a lower limit 
voltage of the power supply, and a power failure detecting 
level voltage V U2 lower than the lower limit allowable 

15 voltage V u0 and higher than the lower limit voltage V ux are 
set in advance. When the DC intermediate voltage V PN 
output from the DC intermediate voltage detecting circuit 
6 is lower than the power failure detecting level voltage 
Vu2 during the driving of the AC motor, the AC motor is 

20 decelerated at a predetermined reduction rate otd until the 
DC intermediate voltage V PN exceeds the lower limit 
allowable voltage V u0 . When the DC intermediate voltage 
V PN exceeds the lower limit allowable voltage V u0 , the 
alternating current motor is returned to a normal control 

25 mode. 
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More specifically, the relationship between the DC 
intermediate voltage V PN and a torque limit value shown in 
Fig. 3 is defined in the torque limit circuit 3. An 
electromotive torque limit value is set to zero when the 
5 DC intermediate voltage V PN is lower than the lower limit 
voltage V ua . When the DC intermediate voltage V PN is 
between the lower limit voltage V Ui and the lower limit 
allowable voltage V u0 , the electromotive torque limit value 
gradually increase from zero to a predetermined value. 

10 When the DC intermediate voltage V PN is higher than the 
lower limit allowable voltage V V0/ the electromotive torque 
limit value is set to a predetermined value. When the DC 
intermediate voltage V PN is lower than a low voltage level 
V U3 between the power failure detecting level voltage V U2 

15 and the lower limit voltage V m , the regenerative torque 
limit value is set to a predetermined value. When the DC 
intermediate voltage V PN is between the low voltage level 
Vu3 and the lower limit allowable voltage Vuo, the 
regenerative torque limit value gradually decreases from 

20 the predetermined value to zero. When the DC intermediate 
voltage V PN is lower than the lower limit allowable voltage 
Vuo, the regenerative torque limit value is zero. 

In this embodiment, control is performed at the time 
of power failure such that the electromotive and 

25 regenerative torque limit values are limited according to 
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the level of the DC intermediate voltage V PN/ which makes 
it possible to control the DC intermediate voltage to be 
constant and thus to smoothly and continuously drive the 
AC motor. 

5 In Fig. 3, the low voltage level V u3 is set to an 

arbitrary value. However, the low voltage level Vu3 may be 
equal to the power failure detecting level voltage Vu2 • In 
addition, the torque limit value varies in proportion to 
the DC intermediate voltage V PN . However, an arbitrary 

10 relationship may be established therebetween. 

In this embodiment, when the DC intermediate voltage 
V PN exceeds the lower limit allowable voltage V u0 , the 
alternating current motor is returned to a normal control 
mode. However, at the time of power failure, reduction 

15 control is performed such that the DC intermediate voltage 
V PN is made constant, causing the AC motor to be driven at 
an output frequency lower than the output frequency before 
the power failure. For this reason, the AC motor is 
rapidly accelerated in response to an output frequency 

20 instruction, a large torque instruction is output to make 
the power failure conditions again, or shock occurs due to 
a sharp variation in the speed of the AC motor, making it 
difficult to perform smooth and continuous driving. 
Therefore, according to this embodiment of the invention, 

25 the output frequency when the power failure is detected is 
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stored in advance. When the DC intermediate voltage V PN 
exceeds the lower limit allowable voltage Vuo to cause the 
alternating current motor to be returned to the normal 
control mode, the AC motor is accelerated for only a 
5 predetermined acceleration time until its output frequency 
is equal to the stored output frequency. Alternatively, 
the output frequency when the power failure is detected is 
stored in advance. When the DC intermediate voltage V PN 
exceeds the lower limit allowable voltage V uo to cause the 

10 alternating current motor to be returned to the normal 
control mode, a torque instruction is restricted by a 
predetermined electromotive torque limit value until the 
output frequency of the AC motor is equal to the stored 
output frequency, which prevents the AC motor from being 

15 rapidly accelerated. 

In this way, even when a power failure is detected, 
it is possible to smoothly and continuously drive the AC 
motor . 

2 0 Third embodiment 

[0030] 

Fig. 4 is a block diagram illustrating the structure 
of a control device for an AC motor according to a third 
embodiment of the invention. Fig. 5 is a block diagram 
25 illustrating a sequence circuit for selecting 
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acceleration/deceleration time and a frequency instruction 
during the detection of a power failure. 

In Fig. 4, the control device for the AC motor 
according to this embodiment includes: a power converter 1 
5 having a converter unit 11 for converting a three-phase 
alternating current supplied from a three-phase 
alternating current power supply (not shown) through an 
electromagnetic contactor 8 into a DC voltage by using a 
power element, a smoothing capacitor 12 for smoothing the 

10 converted voltage, and an inverter unit 13 for converting 
a DC intermediate voltage into an AC voltage having a 
predetermined frequency by a PWM control manner; an AC 
motor 2 which is driven by an alternating current output 
from the inverter unit 13; a voltage instruction 

15 calculating unit 4 for calculating a voltage instruction 
on the basis of a frequency output from a soft starter; a 
switching pattern generating circuit 5 for determining a 
switching pattern of the power converter 1 on the basis of 
the output of the voltage instruction calculating unit 4; 

20 a voltage detecting circuit 6 for detecting a DC 
intermediate voltage V PN , which is a voltage of the 
smoothing capacitor 12; a frequency setting unit 9 for 
setting an output frequency; an acceleration/deceleration 
time setting unit 10 for setting acceleration/deceleration 

25 time when the AC motor 2 is accelerated or decelerated 
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from a stop state until the maximum output frequency is 
output; a sequence circuit 14 for detecting a power 
failure, on the basis of a power failure detecting signal 
from a power failure detecting contact 8a of the 
5 electromagnetic contactor 8, and for setting the frequency 
instruction and the deceleration time during the detection 
of the power failure; an acceleration/deceleration time 
control circuit 15 for controlling the deceleration time 
such that the DC intermediate voltage V PN is made constant 

10 by PI control during the detection of the power failure 
and for controlling the acceleration time after the supply 
of power resumes; and a soft starter 16 for raising or 
lowering the output frequency for a predetermined 
acceleration/deceleration time. 

15 As shown in Fig. 5, in the sequence circuit 14, a 

first switching unit 18 performs switching between a 
general frequency instruction output from the frequency 
setting unit 9 and a frequency instruction output at the 
time of a power failure to output the frequency 

20 instruction to the soft starter 16, in response to a power 
failure detecting signal output based on a low voltage 
detection output signal output from the voltage detecting 
circuit 6 {which is output when the DC intermediate 
voltage V PN is lower than a set UV level of 1) or a power 

25 failure output signal output from the power failure 
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detecting contact 8a of the electromagnetic contactor 8. 
A second switching unit 19 selects one of a general 
deceleration time output from the 

acceleration/deceleration time setting unit 10 and a 
5 deceleration time during the detection of a power failure 
and outputs the selected time to the 

acceleration/deceleration time control circuit 15. An 
edge trigger detecting circuit 22 detects a point of time 
when the power failure detecting signal turns from ' 0' to 

10 ' l f . An output frequency storage circuit 21 before a 
power failure stores an output frequency when the edge 
trigger detecting circuit 22 detects the power failure. A 
third switching unit 20 selects one of a general 
acceleration time output from the 

15 acceleration/deceleration time setting unit 10 and an 
acceleration time after the supply of power resumes and 
outputs the selected time to the acceleration/deceleration 
time control circuit 15 when the power failure detecting 
signal is maintained at the level of 1 1 ' and until the 

20 output frequency output from the soft contactor is equal 
to the output frequency stored in the output frequency 
storage circuit 21 before the power failure when the power 
failure detecting signal is at the level of *0'. In Fig. 
5, reference numerals 23 and 24 denote OR circuits, and 

25 reference numerals 25 "and 26 indicate comparators. 
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Next, a description will be made below of a method of 
controlling continuous driving during the detection of a 
power failure in the control device for the AC motor 
according to this embodiment. 
5 When an instantaneous power failure occurs in an AC 

power supply, the electromagnetic contactor 8 (Fig. 4) is 
opened, which causes the power failure detecting contact 
turns to ' 1 1 in level or the DC intermediate voltage of 
the smoothing capacitor 12 to be lower than a UV level 

10 lVuvi . Then, the voltage detecting circuit 6 for detecting 
the DC intermediate voltage detects the power failure. 
When the power failure is detected, the power failure 
detecting contact signal turns to 1 1' in level, or the low 
voltage detecting signal is turned to '1' in level by the 

15 DC intermediate voltage V PN detected by the voltage 
detecting circuit 6, as shown in Fig. 5. Then, the 
signals are input to the sequence circuit 14. In the 
sequence circuit 14, when the power failure detecting 
contact signal is at the level of 1 1' or the low voltage 

20 detecting signal is at the level of '1', the power failure 
detecting signal turns to ' 1' in level. The frequency 
instruction is switched to 0 by the first and second 
switching units 18 and 19, so that the deceleration time 
is switched to the set deceleration time during the 

25 detection of a power failure, and the output frequency 
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when the power failure is detected is stored in the output 
frequency storage circuit 12 before the power failure. 
When the power converter 1 for controlling the driving of 
the AC motor 2 is changed from a normal driving mode to a 
5 deceleration mode, rotational energy corresponding to the 
reduction rate of the AC motor is transformed into 
regenerative power by the inverter unit 13, and the 
smoothing capacitor 12 forming a DC intermediate circuit 
is charged, causing the terminal voltage thereof to rise. 

10 When the power failure detecting signal turns to 1 1' 

in level, the acceleration/deceleration time control 
circuit 15 controls a reduction rate by a PI control 
manner, referring to the level of the DC intermediate 
voltage V PN and the variation of the DC intermediate 

15 voltage, such that the DC intermediate voltage V PN detected 
by the voltage detecting circuit 6 is equal to an input 
voltage set value x 1.35. In this way, the rotational 
speed of the AC motor 2 is lowered not rapidly but slowly, 
which enables the motor to be continuously driven during 

20 the instantaneous power failure. When a rise in the DC 
intermediate voltage V PN is detected, or when the DC 
intermediate voltage V PN is higher than the voltage before 
the power failure is detected, deceleration stops. When 
the supply of power is resumed by the AC power supply of 

25 the inverter unit 13, the power failure detecting contact 
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8a of the electromagnetic contactor 8 is closed, and the 
DC intermediate voltage V PN is higher than the low voltage 
detecting level, so that the AC motor is returned to the 
normal driving mode. The AC motor is driven for the 
5 acceleration time from the acceleration/deceleration time 
setting unit 10 after the supply of power resumes, until 
the output frequency output from the soft starter is equal 
to the output frequency stored in the output frequency 
storage circuit 21 before the power failure. When the 

10 output frequency output from the soft starter is equal to 
the output frequency stored in the output frequency 
storage circuit 21 before the power failure, the AC motor 
is accelerated or decelerated for the 

acceleration/deceleration time generally set, until the 

15 output frequency thereof is equal to a frequency set value. 
In this way, it is possible to continuously drive an AC 
motor when a power failure is detected. 

Fourth embodiment 
20 [0031] 

Fig. 6 is a block diagram illustrating the structure 
of a control device for an AC motor according to a fourth 
embodiment of the invention. 

In Fig. 6, the control device for the AC motor 
25 according to this embodiment includes: a power converter 1 
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having a converter unit 11 for converting a three-phase 
alternating current supplied from a three-phase 
alternating current power supply (not shown) through an 
electromagnetic contactor 8 into a DC voltage by using a 
5 power element, a smoothing capacitor 12 for smoothing the 
converted voltage, and an inverter unit 13 for converting 
a DC intermediate voltage into an AC voltage having a 
predetermined frequency by a PWM control manner; an AC 
motor 2 which is driven by an alternating current output 

10 from the inverter unit 13; a torque limit circuit 3 for 
controlling a torque instruction so as to be between a 
predetermined electromotive torque limit value and a 
predetermined regenerative torque limit value; a voltage 
instruction calculating unit 4 for calculating a voltage 

15 instruction allowing torque to be output according to the 
torque instruction output from the torque limit circuit 3 
and for outputting the voltage instruction; a switching 
pattern generating circuit 5 for determining a switching 
pattern of the power converter 1 on the basis of the 

20 output of the voltage instruction calculating unit 4; a 
voltage detecting circuit 6 for detecting a DC 
intermediate voltage V PN , which is a voltage of the 
smoothing capacitor 12; a torque limit value calculating 
circuit 7 for calculating an electromotive torque limit 

25 value T L and a regenerative torque limit value T G l, on the 
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basis of the DC intermediate voltage V PN output from the 
voltage detecting circuit 6 and for setting the calculated 
values to the torque limit circuit 3; a frequency setting 
unit 9 for setting an output frequency; an 
5 acceleration/deceleration time setting unit 10 for setting 
acceleration/deceleration time when the AC motor 2 is 
accelerated or decelerated from a stop state until the 
maximum output frequency is output; a sequence circuit 14 
for detecting a power failure, on the basis of a power 

10 failure detecting signal from a power failure detecting 
contact 8a of the electromagnetic contactor 8, and for 
setting the frequency instruction and the deceleration 
time during the detection of the power failure; an 
acceleration/deceleration time control circuit 15 for 

15 controlling the deceleration time such that the DC 
intermediate voltage V PN is made constant by PI control 
during the detection of the power failure and for 
controlling the acceleration time after the supply of 
power resumes; a soft starter 16 for raising or lowering 

20 the output frequency for a predetermined 

acceleration/deceleration time; and a speed control 
circuit 17 for outputting a torque instruction on the 
basis of the frequency output from the soft starter 16. 

Fig. 5 is a block diagram illustrating a sequence 

25 circuit according to the third embodiment for selecting 
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acceleration/deceleration time and a frequency instruction 
during the detection of a power failure. In Fig. 5, 
reference numeral 20 denotes a third switching unit, and 
reference numeral 21 denotes an output frequency storage 
5 circuit before a power failure. Reference numeral 22 
denotes an edge trigger detecting circuit, and reference 
numerals 23 and 24 denote OR circuits. Reference numerals 
2 5 and 2 6 denote comparators. 

As shown in Fig. 5, in the sequence circuit 14, a 

10 first switching unit 18 performs switching between a 
general frequency instruction output from the frequency 
setting unit 9 and a frequency instruction output at the 
time of a power failure to output the frequency 
instruction to the soft starter 16, on the basis of the 

15 power failure detecting signal output based on a low 
voltage detecting output signal output from the voltage 
detecting circuit 6 (which is output when the DC 
intermediate voltage V PN is lower than a set UV level of 1) 
or a power failure output signal output from the power 

20 failure detecting contact 8a of the electromagnetic 
contactor 8. A second switching unit 19 selects one of a 
general deceleration time output from the 

acceleration/deceleration time setting unit 10 and a 
deceleration time during the detection of a power failure 

25 and outputs the selected time to the 
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acceleration/deceleration time control circuit 15. The 
edge trigger detecting circuit 22 detects a point of time 
when the power failure detecting signal turns from '0' to 
• 1'. The output frequency storage circuit 21 before the 
5 power failure stores an output frequency when the edge 
trigger detecting circuit 22 detects the power failure. 
The third switching unit 20 selects one of a general 
acceleration time output from the 

acceleration/deceleration time setting unit 10 and an 

10 acceleration time after the supply of power resumes and 
outputs the selected time to the acceleration/deceleration 
time control circuit 15 when the power failure detecting 
signal is maintained at the level of 1 1 ? and until the 
output frequency output from the soft contactor is equal 

15 to the output frequency stored in the output frequency 
storage circuit 21 before the power failure when the power 
failure detecting signal is at the level of 1 0' 1 . 

Next, a description will be made below of a method of 
controlling continuous driving during the detection of a 

20 power failure in the control device for the AC motor 
according to this embodiment. 

When an instantaneous power failure occurs in an AC 
power supply, the electromagnetic contactor 8 (Fig. 6) is 
opened, which causes the power failure detecting contact 

25 turns to ' l 1 in level or the DC intermediate voltage of 
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the smoothing capacitor 12 to be lower than a UV level 
lVuvi . Then, the voltage detecting circuit 6 for detecting 
the DC intermediate voltage detects the power failure. 
When the power failure is detected, the power failure 
5 detecting contact signal turns to '1' in level, or the low 
voltage detecting signal is turned to 1 1 1 in level by the 
DC intermediate voltage V PN detected by the voltage 
detecting circuit 6, as shown . in Fig. 5. Then, the 
signals are input to the sequence circuit 14. In the 

10 sequence circuit 14, when the power failure detecting 
contact signal is at the level of '1' or the low voltage 
detecting signal is at the level of '1', the power failure 
detecting signal turns to '1' in level. The frequency 
instruction is switched to 0 by the first and second 

15 switching units 18 and 19, so that the deceleration time 
is switched to the set deceleration time during the 
detection of a power failure, and the output frequency 
when the power failure is detected is stored in the output 
frequency storage circuit 12 before the power failure. 

20 When the power converter 1 for controlling the driving of 
the AC motor 2 is changed from a normal driving mode to a 
deceleration mode, rotational energy corresponding to the 
reduction rate of the AC motor is transformed into 
regenerative power by the inverter unit 13, and the 

25 smoothing capacitor 12 forming a DC intermediate circuit 
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is charged, causing the terminal voltage thereof to rise. 

When the power failure detecting signal turns to '1' 
in level, the acceleration/deceleration time control 
circuit 15 controls a reduction rate by a PI control 
5 manner, referring to the level of the DC intermediate 
voltage V PN and the variation of the DC intermediate 
voltage, such that the DC intermediate voltage V PN detected 
by the voltage detecting circuit 6 is equal to an input 
voltage set value x 1.35. In this way, the rotational 

10 speed of the AC motor 2 is lowered not rapidly but slowly, 
which enables the motor to be continuously driven during 
the instantaneous power failure. When a rise in the DC 
intermediate voltage V PN is detected, or when the DC 
intermediate voltage V PN is higher than the voltage before 

15 the power failure is detected, deceleration stops. When 
the supply of power is resumed by the AC power supply of 
the inverter unit 13, the power failure detecting contact 
8a of the electromagnetic contactor 8 is closed, and the 
DC intermediate voltage V PN is higher than the low voltage 

20 detecting level, so that the AC motor is returned to the 
normal driving mode. The AC motor is driven for the 
acceleration time from the acceleration/deceleration time 
setting unit 10 after the supply of power resumes, until 
the output frequency output from the soft starter is equal 

25 to the output frequency stored in the output frequency 
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storage circuit 21 before the power failure. When the 
output frequency output from the soft starter is equal to 
the output frequency stored in the output frequency 
storage circuit 21 before the power failure, the AC motor 
5 is accelerated or decelerated for the 

acceleration/deceleration time generally set, until the 
output frequency thereof is equal to a frequency set value 
In this way, it is possible to continuously drive an AC 
motor when a power failure is detected. 

10 

Fifth embodiment 
[0032] 

In a fifth embodiment, in addition to the function 
described in the fourth embodiment, the speed control 

15 circuit 17 for making a frequency F ou t output from the soft 
starter 16 shown in Fig. 6 equal to the speed of the AC 
motor 2 creates a torque instruction T re f. When the AC 
motor 2 is controlled by the torque instruction, the DC 
intermediate voltage is oscillated due to the inertia of a 

20 load, a reduction rate coefficient of the 
acceleration/deceleration time control circuit, or a set 
value of a PI controller, or the AC motor 2 repeatedly 
performs a decelerating operation caused by a power 
failure and an accelerating operation by normal control, 

25 which makes it difficult to perform smooth and continuous 
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driving . 

Fig. 7 shows the relationship between the DC 
intermediate voltage V PN and a torque limit value when the 
power failure signal is maintained at the level of * 1'. 
5 The electromotive torque limit value and the regenerative 
torque limit value are controlled on the basis of the 
level of the DC intermediate voltage V PN . 

That is, when the DC intermediate voltage V PN is 
higher than a level V UV i/ the electromotive torque limit 

10 value is set to a predetermined electromotive torque limit 
value T L o- On the other hand, when the DC intermediate 
voltage V PN is lower than a second UV level VW2 where the 
power converter 1 cannot be operated, the electromotive 
torque limit value is set to zero so as not to generate 

15 electromotive torque. When the DC intermediate voltage V PN 
is higher than the level V UV 2 and lower than the voltage 
Vuvi, the electromotive torque limit value rises from zero 
to a predetermined torque limit value T L0 in proportion to 
the DC intermediate voltage V PN . In general, the range of 

20 the electromotive torque limit value is gradually narrowed, 
as the DC intermediate voltage V PN becomes lower than the 
level Vuvi • Therefore, this setting prevents the DC 
intermediate voltage from being further lowered due to the 
lowering of the DC intermediate voltage V PN . 

25 Meanwhile, when the DC intermediate voltage V dc is 



51 

lower than a third UV level V UV3 / the regenerative torque 
limit value turns to a predetermined regenerative torque 
limit value T GL o. On the other hand, when the DC 

intermediate voltage V PN is higher than a fourth UV level 
5 V UV 4/ the regenerative torque limit value is set to zero so 
as not to generate regenerative torque. When the DC 
intermediate voltage V PN is higher than the level Vuv3 and 
the lower than the level V UV 4, the regenerative torque 
limit value is lowered from the predetermined torque limit 

10 value Tqlo to zero in proportion to the DC intermediate 
voltage V PN . In general, the range of the regenerative 
torque limit value is gradually narrowed, as the DC 
intermediate voltage V PN becomes' higher than the level V UV3 . 
Therefore, this setting prevents the DC intermediate 

15 voltage from being further raised due to a rise in the DC 
intermediate voltage V PN . 

In this way, it is possible to control the torque 
instruction by setting the electromotive torque limit 
value and the regenerative torque limit value on the basis 

20 of the level of the DC intermediate voltage V PN . Therefore, 
it is possible to stably control the DC intermediate 
voltage V PN , for example, at the time of an instantaneous 
power failure and to smoothly and continuously drive the 
AC motor. 

25 In Fig. 7, the third UV level Vuv 3 is set to an 
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arbitrary value. However, the third UV level Vuv3 may be 
equal to the second UV level Vuv2 • The fourth UV level Vuv4 
is set to an arbitrary value. However, the fourth UV 
level V UV 4 may be equal to the first UV level Vuvi • The 
5 torque limit value is changed in proportion to the DC 
intermediate voltage V PN . However, any relationship may be 
established therebetween. 

Sixth embodiment 
10 [0033] 

Fig. 8 is a block diagram illustrating the structure 
of a control device for an alternating current motor 
according to a sixth embodiment of the invention. Fig. 9 
is a block diagram illustrating a sequence circuit for 

15 selecting an acceleration/deceleration time, a frequency 
instruction, and an electromotive torque limit value 
during the detection of a power failure. 

In Fig. 8, the control device for the AC motor 
according to this embodiment includes: a power converter 1 

20 having a converter unit 11 for converting a three-phase 
alternating current supplied from a three-phase 
alternating current power supply (not shown) through an 
electromagnetic contactor 8 into a DC voltage by using a 
power element, a smoothing capacitor 12 for smoothing the 

25 converted voltage, and an inverter unit 13 for converting 
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a DC intermediate voltage into an AC voltage having a 
predetermined frequency by a PWM control manner; an AC 
motor 2 which is driven by an alternating current output 
from the inverter unit 13; a torque limit circuit 3 for 
5 controlling a torque instruction so as to be between a 
predetermined electromotive torque limit value and a 
predetermined regenerative torque limit value; a voltage 
instruction calculating unit 4 for calculating a voltage 
instruction allowing torque to be output according to the 

10 torque instruction output from the torque limit circuit 3 
and for outputting the voltage instruction; a switching 
pattern generating circuit 5 for determining a switching 
pattern of the power converter 1 on the basis of the 
output of the voltage instruction calculating unit 4; a 

15 voltage detecting circuit 6 for detecting a DC 
intermediate voltage V PN/ which is a voltage of the 
smoothing capacitor 12; a torque limit value calculating 
circuit 7 for calculating the DC intermediate voltage V PN 
output from the voltage detecting circuit 6 and for 

20 setting an electromotive torque limit value T L and a 
regenerative torque limit value T G l output from a sequence 
circuit 14; a frequency setting unit 9 for setting an 
output frequency; an acceleration/deceleration time 
setting unit 10 for setting an acceleration/deceleration 

25 time when the AC motor 2 is accelerated or decelerated 



54 

from a stop state until the maximum output frequency is 
output; the sequence circuit 14 for detecting a power 
failure, on the basis of a power failure detecting signal 
from a power failure detecting contact 8a of the 
5 electromagnetic contactor 8, and for setting the frequency 
instruction and the deceleration time during the detection 
of the power failure; an acceleration/deceleration time 
control circuit 15 for controlling the deceleration time 
such that the DC intermediate voltage V PN is made constant 

10 by PI control during the detection of the power failure; a 
soft starter 16 for raising or lowering the output 
frequency for a predetermined acceleration/deceleration 
time; and a speed control circuit 17 for outputting a 
torque instruction on the basis of the frequency output 

15 from the soft starter 16. 

As shown in Fig. 9, in the sequence circuit 14, a 
first switching unit 18 performs switching between a 
general frequency instruction output from the frequency 
setting unit 9 and a frequency instruction output at the 

20 time of a power failure to output the frequency 
instruction to the soft starter 16, in response to a power 
failure detecting signal output based on a low voltage 
detection output signal output from the voltage detecting 
circuit 6 (which is output when the DC intermediate 

25 voltage V PN is lower than a set UV level of 1) or a power 
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failure output signal output from the power failure 
detecting contact 8a of the electromagnetic contactor 8. 
A second switching unit 19 selects one of a general 
deceleration time output from the 

5 acceleration/deceleration time setting unit 10 and a 
deceleration time during the detection of the power 
failure and outputs the selected time to the 
acceleration/deceleration time control circuit 15. An 
edge trigger detecting circuit 22 detects a point of time 

10 when the power failure detecting signal turns from 1 0' to 
? l f . An output frequency storage circuit 21 before the 
power failure stores an output frequency when the edge 
trigger detecting circuit 22 detects the power failure. A 
third switching unit 20 selects one of a general 

15 electromotive torque limit value and an electromotive 
torque limit value after the supply of power resumes and 
outputs the selected value to the torque limit value 
calculating circuit 7 when the power failure detecting 
signal is maintained at the level of 1 1' and until the 

20 output frequency output from the soft contactor is equal 
to the output frequency stored in the output frequency 
storage circuit 21 before the power failure when the power 
failure detecting signal is at the level of '0' . In Fig. 
9, reference numerals 23 and 24 denote OR circuits, and 

25 reference numerals 25 and 26 indicate comparators. 
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Next, a description will be made below of a method of 
controlling continuous driving during the detection of a 
power failure in the control device for the AC motor 
according to this embodiment. 
5 When an instantaneous power failure occurs in an AC 

power supply, the electromagnetic contactor 8 (Fig. 8) is 
opened, which causes the power failure detecting contact 
turns to ' 1 ' in level or the DC intermediate voltage of 
the smoothing capacitor 12 to be lower than a UV level 

10 lVuvi - Then, the voltage detecting circuit 6 for detecting 
the DC intermediate voltage detects the power failure. 
When the power failure is detected, the power failure 
detecting contact signal turns to ? 1 T in level, or the low 
voltage detecting signal is turned to ' 1' in level by the 

15 DC intermediate voltage V PN detected by the voltage 
detecting circuit 6, as shown in Fig. 9. Then, the 
signals are input to the sequence circuit 14. In the 
sequence circuit 14, when the power failure detecting 
contact signal is at the level of f l f or the low voltage 

20 detecting signal is at the level of 'l 1 , the power failure 
detecting signal turns to ' 1' in level. The frequency 
instruction is switched to 0 by the first and second 
switching units 18 and 19, so that the deceleration time 
is switched to the set deceleration time during the 

25 detection of a power failure, and the output frequency 
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when the power failure is detected is stored in the output 
frequency storage circuit 12 before the power failure. 
When the power converter 1 for controlling the driving of 
the AC motor 2 is changed from a normal driving mode to a 
5 deceleration mode, rotational energy corresponding to the 
reduction rate of the AC motor is transformed into 
regenerative power by the inverter unit 13, and the 
smoothing capacitor 12 forming a DC intermediate circuit 
is charged, causing the terminal voltage thereof to rise. 

10 When the power failure detecting signal turns to 1 1 1 in 
level, the acceleration/deceleration time control circuit 
15 controls a reduction rate by a PI control manner, 
referring to the level of the DC intermediate voltage V PN 
and the variation of the DC intermediate voltage, such 

15 that the DC intermediate voltage V PN detected by the 
voltage detecting circuit 6 is equal to an input voltage 
set value x 1.35. In this way, the rotational speed of 
the AC motor 2 is lowered not rapidly but slowly, which 
enables the motor to be continuously driven during the 

20 instantaneous power failure. When a rise in the DC 
intermediate voltage V PN is detected, or when the DC 
intermediate voltage V PN is higher than the voltage before 
the power failure is detected, deceleration stops. When 
the supply of power is resumed by the AC power supply of 

25 the inverter unit 13, the power failure detecting contact 
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8a of the electromagnetic contactor 8 is closed, and the 
DC intermediate voltage V PN is higher than the low voltage 
detecting level, so that the AC motor is returned to the 
normal driving mode. The electromotive torque limit value 
5 is selected as the electromotive torque limit value after 
the supply of power resumes, until the output frequency 
output from the soft starter is equal to the output 
frequency stored in the output frequency storage circuit 
21 before the power failure. The torque limit value 

10 calculating circuit 7 defines the relationship between the 
DC intermediate voltage V PN and the torque limit value 
shown in Fig. 7, and controls the electromotive torque 
limit value and the regenerative torque limit value on the 
basis of the level of the DC intermediate voltage V PN . 

15 Therefore, the AC motor is driven by one of the 
electromotive torque limit value output from the sequence 
circuit 14 and the electromotive limit value determined by 
the level of the DC intermediate voltage V PN having a 
smaller value. When the output frequency output from the 

20 soft starter is equal to the output frequency stored in 
the output frequency storage circuit 21 before the power 
failure, the AC motor is accelerated or decelerated by one 
of the electromotive torque limit value generally set and 
the electromotive limit value determined by the level of 

25 the DC intermediate voltage V PN having a smaller value, 
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until the output frequency thereof approaches is equal to 
a frequency set value. In this way, it is possible to 
continuously drive an AC motor when a power failure is 
detected. 

5 

Industrial applicability 
[0034] 

According to the invention, it is possible to 
continuously drive an AC motor at the time of an 

10 instantaneous power failure. An electromotive torque 
limit value and a regenerative torque limit value are set 
on the basis of the level of a DC intermediate voltage 
(the smoothing capacitor 12) to control a torque 
instruction, which makes it possible to control the DC 

15 intermediate voltage to be constant, without using a 
regenerative resistor or an apparatus for feeding back 
regenerative energy to a power supply circuit, and thus to 
stably and continuously drive the AC motor at the time of 
the instantaneous power failure. For example, in a 

20 textile machine, speed control is performed such that a 
fixed relationship is established among the speeds of a 
plurality of motors, and thus it is possible to prevent 
thread from being cut due to the free run (coasting) of an 
AC motor at the time of an instantaneous power failure. 
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